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In this article, we study the series systems with components and redundancy of
Marshall-Olkin life distribution and the properties of Archimax copula. In the first
part, consider a series system consisting of two working components and a redundancy
component to be allocated. Let X1, X2, and X3 represent the lifetimes of the two
working components and the redundancy one, respectively. It is of interest to produce
a plan of allocating the redundancy so that the resulting system performs better. And
with the active redundancy strategy, and standby redundancy strategy , we compare the
life of systems regard to stochastic order (st and hr). In literature, the allocation of
one independent redundancy to systems of two components has received quite a lot of
attention. Assume that X1, X2 and X3 have independent exponential distributions. But
the assumption of independence is too restrictive and hence not be applicable in some
practical situations. Instead, we employ the Marshall-Olkin exponential distribution
to model the dependence structure among lifetimes of the working components and
redundancy component in this note. In the second part, we further study the properties
of Archimax copula, and calculate the simple expression of kendall’s tau. At the same
time we get the conditions that the Archimax copula satisfied the PQD, PDUO. We
also study the property of EV(A space case of Archimax copula), wheather it’s have a
singular component or not.
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元件的寿命, X3 表示备件的寿命. 我们希望通过合理的分配备件X3,延长系统正
常工作的时间. 对于热储备策略,把备件X3 并联到元件X1 后,再与元件X2 串联
得到的系统,令U1 表示该系统的寿命; 类似的,令U2 表示把备件X3 并到元件X2
再与X1 串联起来的的寿命,我的目的主要是比较这两种分配方式的系统哪个能
够更好的工作,简化为比较下面的两种系统的寿命
U1 = ∧(∨(X1, X3), X2), U2 = ∧(X1,∨(X2, X3)). (1.1)
其中“∧′′和“∨′′分别表示“取小”和“取大”.




W1 = ∧(X1 +X3, X2), W2 = ∧(X1, X2 +X3). (1.2)
1.2 预备知识
首先,我们回顾一些相关的随机序的定义,对于更多理论结果,可参见Shaked















定义 1.1: 考虑随机变量X , Y , 设它们分别具有分布函数FX , FY , 生存函数F̄X ,
F̄Y ,密度函数fX , fY ,失效率函数hX(t), hY 和反失效率函数为rX(t), rY (t),则称
(i) X以通常的随机序小于Y (记为X ≤st Y ) 如果FX(t) ≥ FY (t) 或F̄Y (t) ≥
F̄X(t)对于所有的t成立;








(iv) X以似然比序小于Y (记为X ≤lr Y )如果 fY (t)fX(t) 关于t是增加的.
我们知道,
X ≤lr Y =⇒ X ≤rh (≤hr)Y =⇒ X ≤st Y.
再次,对于本文所要用到的相关的PQD及PDUO相关的定义如下:
定义 1.2: 随机变量X 和Y 为PQD的充分条件为,
C(v, z) ≥ vz
对所有的(v, z) ∈ I2成立.
定义 1.3: 设X = (X1, X2, ..., Xn)为随机向量, Y 为随机变量,
(i)(X1, ..., Xn) 弱随机增加的(WSI)在Y , 记为(X1, ..., Xn) ↑WSI Y , 如
果Pr{X1 > x1, ..., Xn > xn|Y = y}对于任意的(x1, ..., xn) ∈ Rn 关于y ∈ S(Y )是
增加的, (其中, S(Y ) ∈ Rn为泊雷尔集).
(ii)(X1, X2, ..., Xn)为PDUO的充分条件为(X1, ..., Xi, Xi+1, ..., Xn) ↑WSI Xi,
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